













































































































































































































































































































































90 lltt ewo e/o - ewOele






twO,6 e/e • twO,6e/,
60 - -
MO.8e/e W08e/, ;
50 -- - ee'twi e/tr uele/, ee









































.-g -- ', -- .,
-v 2 4 6 8 2 4 6 8
,gv
bioo.catr-l Acetone - Ethanoll
glO{90
c1\)








60 - 'MO.8e/e . MO.8e!,
50 n -Nie!, it ew1"/e
40 t- -































2 4 6 8
Day
2 4 6 8
Fig.1. Population growth of B. plicatilis treated with dime{hyl su1foxide \(DMSO\),
sodiumhydroxide \(NaOH\),acetone, and ethanol. Values are meanand standard
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Fig.4, increase or decreaseiii bodysizeefB. plicatilis treatedwith dimethyl
su1foxide \(DMSO\),sodium hydroxide(NaOH), acetone and ethanol.Mean
values wereused to compute the percentincrease or decrease over thecontroi,
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Fig. 6.Mictic female ofB. plicatilis treated With growth hermone\(GH\)
'
estradiol-17S (E,)• tniodothyronixxe \(T,\)
' humanchorioptc
gonadotropin \(HCG\), gamma-aminobutyric acid \(GABA\), juven[Le hormone (:[ED, 5-hydroxytryptamine \(5-HT\) and 20-
hydroxyecdysone \(2e-HE\). Valuesare meanand standard error. Levei of signiflilcant difference (ptP<O.05, ** P<O.Ol\)of each treatment
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Fig.7.Body size inerease or deerease \(9o\) in B. plicatilis treated growth hofingne \(GH\),humanchorienicgomadetropin \(HCG\)s estradiol-176
(E,)• tniodothyrotme \(T,\), gamma-aminobutyric acid \(GABA\),5-hydroxytryptamine \(s-mr\),. juveiLile honeoRe \(m\) Evad 20-
hydroxyecdysene \(20-EE\). Level of significarxt differeRce (*p<e.os, ** P<ODI\)ofeach treatment comparedwitkthe co*trol oathe
sarne day is indicated on tep of the bars. Meanvalueswere used to compute the percent increaseor decrease over the contrel, thus,












































































































































































































































Table 1.IRtrinsicrateofincrease (r \),netreproductionrate\(Ro\), lifespan,andrepreductiveperied of GH-tTeatedB.plicatiliscultured throughthethird
gefieration\(Parent,Fi, F2)•
GH r Ro Lifespan Reproductive
\(I.U.mr'\) \(days\) period(days)
Parent P =O.0Z2 P=0.001 P =0.012 P=0.000
o O.92 \(O.02\)b 23.6(O.5)a 95 \(O.3\)b 7.4(03)a
o.ooe2s O.92 \(O.Ol\)b 22.7(O.7)a 12.4 \(1.8\)ab 6.9(O.3)acd
O.O025 o.ge \(O.02\)bc 24.6(O.4)ab 12.0 \(1.0\)ab 8.7(O.4)ab
O.025 O.96 \(o.ol\)ab 22.2(O.6)a 9.2 \(O.4\)b 6.6(O.3)ad
O.25 O.95 \(O.Ol\)b 20.6(O.7)c 8.0 \(O.6\)bc 5.7(e.4)de
Fl' P =0.334 p=o.ooo P =0.161 P=0.000
o O.99 \(O.02\) 2o.o(e.s)c 6.6 \(O.7\) 4.6(O.2)c
e.oeo2s 1.00 \(O.02\) 215(05)bc 8.7 \(1.1\) 5.2(e.2)a
mp
oo o.oe2s 1.01 \(O.02\) 22.4(O.7)b 8.6 \(O.9\) 5.2(O.2)a
O.025 IDI \(O.02\) 23.2(O.4)ab 8.6 \(O.8\) 5.1(O.2)b
O.25 O.96 \(O.02\) 24.4(e.6)a 9.5 \(O.4\) 6.0(O.2)a
F2 P =0.ZO6 P=0.538 .g} =0.054 P=0.396
o O.83 \(e.o2\) 25.2(O.8) 9.0 \(e.6\) 6.6(O.2)
o.oee2s O.82 \(O.02\) 25.9(O.7) 10.7 \(O.8\) 7.1(O.3)
O.O025 O.87 \(O.03\) 24.9(1.1) 8.2 \(e.6\) 6.8(O.4)
e.o2s e.89 \(e.o2\) 25.6(O.7) 8.4 \(O.6\) 6.4(O.2)
O.25 O.82.. \(O.02\) 23.7(13) 9.1 \(O.4\)' 6.6(O.2)
Twe-wayANOVA
Seurceefvariatien F P F P
Ceitcepttratieit 2.95 O.023 s.47e.ooe 3.62 O.O08 4.88e.Oel
Gefieration ge.og o.ooo 2o.7ee.oeo 6.00 O.O03 61.s6o.eee
CencxGen 1.66 e.116 2.15O.037 2.49 O.O16 7.77o.ooe
Values afemeaAaAdstandarderTer\(inpareitshesgs\)of6-8replicates pertreatment.One-wayANeVApvaluesareindic3tedfgreachgeReration.
Inacolumge,meansfollewedby a cemmogletterarenetsignificafitlydifferepttat959o cGRfrideRcelevei. MeanslackiAglettersarefiotsigfiificantiydifferent.
Twe-wayANOVAresuksforeachvariabgeareshewnatthebottemeftheTable.
Table2. Intrinsicrateofincrease \(r\), RetreproductioRrate(Ro), 1ifespan, and reproductiveperiodof GABA-treatedB.plicatiliscultured throughthethird
geReration\(Pareftt,Fi, F2)•
t- GABA r Ro Lifespan Reproductive
\(,ugmri\) \(days\) period(days)
Parent P=O.0069 P<o.ooz P=O.081 P=0.024
o O.68 \(O.Ol\) b 24.0 \(1.5\) a 11.3 \(O.3\) 9.0 \(O.5\)b
O.05 o.7e \(O.Ol\) ab 23.6 \(e.s\) a 12.5 \(O.5\) 9.5 \(O.5\)b
O.5 O.70 \(O.Ol\) ab 22.3 \(O.4\) a 12.0 \(05\) 8.i \(1.0\)b
5 O.70 \(e.ol\) ab 24.1 \(O.6\) a 12.9 \(O.3\) 10.3 \(O.4\)ab
50 O.65 \(O.02\) bc 17.4 \(2.2\) b 11.2 \(O.6\) 8.0 \(O.6\)b
500 O.64 \(O.Ol\) bc 14.8 \(1.4\) b 10.5 \(O.7\) 7.2 \(O.8\)bc
Fl,. P=0.0023 P= 0.11O P=0.381 P=0.696
o O.82 \(O.02\) a 22.1 \(1.5\) b 12.6 \(O.8\) 8.4 \(O.7\)
O.05 o.se \(O.03\) a 21.2 \(1.2\) b 11.5 \(O.8\) 8.0 \(O.4\)
mp
e.s O.82 \(O.04\) a 22.4 \(1.0\) 12.9 \(e.s\) 9.1 \(e.6\)
o 5 O.85 \(O.05\) a 24.0 \(O.3\) ab 11.2 \(O.8\) 8.6 \(O.6\)50 e.78 \(O.04\) a 18.4 \(2.3\) bc 10.4 \(O.9\) 75 \(1.0\)
soe CPe6() \(O.03\) b 17.2 \(2.8\) bc 11.4 \(1.6\) 8.2 \(1.0\)
B P=0.0005 P<0.001 P=0.912 P=0.375-
o O.84 \(e.e3\) a 25.0 \(e.s\) a 12.6 \(O.7\) 8.5 \(O.4\)
O.05 O.76 \(O.05\) a 25.8 \(1.0\) a 12.7 \(O.4\) 9.7 \(O.6\)
O.5 e.86 \(O.03\) a 26.6 \(O.7\) a 12.5 \(g.s\) 8.9 \(O.4\)
5 0.79 \(O.04\) a 24.6 \(1.3\) a 12.2 \(1.3\) 9.2 \(C.8\)
50 O.83 \(0.04\) a 25.8 \(O.8\) a 12.8 \(O.7\) 8.8 \(CP.7\)
see O.61 \(e.o4\) b 18.0 \(2.2\) b 11.7 \(1.2\) 7.7 \(ID\)
Tvve-wayANOVA
.
Seurce ofvariatigit F P F P F P F P
Concefitration 10.26 o.oee 10.64 o.oee 1.13 e.351 2.28 O.052
GeReratiofi 23.02 o.ooe 11.8e o.eeg 1.62 O.203 1.14• O.323
CoRcxGen 1.92 O.051 1.33 O.225 O,90 O.536 O.82 O.613
VaRuesarefiReaRaRdstaitdarderror (ixlx- parefithesis\)of6-8repgicatesper treatment. Ofte-wayANOVApvaguesareindicatedforeachgeneratioR.
IitacelurnR, meansfoliowedbya cornmonletter areitotsigRificantXy different at959oconfidenceXevei. MeanslackinglettersareRetsigRificantly differeRg.
Tvvo-wayANOVAresuitsfereach variabgeare showitatthebottomof theTable.
'
Table 3.Ifitrifisicrate ofincrease\( r\),netreproductienrate \(Ro\), lifespan,andreproductiveperiodof B.plicatilistreatedwith
GE[\(o.oo2sLU. ml-i)erGABA(50ngml-' )atdiffereRt feedlevels,compared withthe centrols.N = 8foreachtreatment.
r Re Lifespan Repreductive peried
\(days\) \(d3ys\)
Feoddensity
\(cellsmri\) Controg GHGABA Control GH GABA CoRtrol GH GABA Control GE{ GABA
Parent '
ee
o 7x1o6 056 e.6oo.7e** 23.1 19.8 21.8 13.9 130 11e8 9.1 9.1 8.1
7x1o5 O.52 055058 14.6 15.6 15.4 13.4 15.9 14.1 11.0 12.4 12e6
7x1o4 e.34 O.38O.31 5.1 5.4 4.1 16el 18.0 14.e le.5 11e4 10e4
Fl
7x1e6 Oe66 O.73**O.88** 24.4 28.3* 26.1 12el 14.3** 9.4** le.4 1li..1 7.8**
7x1e5 053 052O.65** 11el 11.8 15.9** 12e'7 14.1 13.4 le.6 12.6 11o3
7x1o4




7x1o6 Oe84 Cl.83O.82 23D 25.1 26.0 11.1 12.3 12.6 9.9 11eO le5
7x1a5 052 e.57O.64* 9D 10e4 12.2 12.2 12e3 11e8 11.2 11eO. lo.e
7x1o4
. . - - . . . - . -
t
Levei efsigRificantdifference withthecentrog: *P<O.05, ** P<O.Ol.Nesurvivers at7xlO 4iitFl aitdF2.
t.
Table 4.Gefieration timeafldloricasizeat first offspringproductienof-B ,plicatil istreatedwith GH(O.Oe25I.U.ml-')
orGABA\(50gegml'i\)atdifferent food levels.
Sizeatfirstoffsptmg
Timetefirstegg Time tofirstoffspring Length Width
Feoddensity \(h\) \(h\) \(jucm\) \(ILem\)
7x1e6 cellsml'!
Contrel 26.9(O.5) 48.5 \(Oe8\) 301.0 \(2.8\) 199.0 \(1.8\)
co GI{ 24.7(05)** 46.2 \(Oe4\)*" 3g5.8 \(4.2\) 2oe.s \(2.9\)
ym GABA 27•1(C)e6) 50.2 \(1.0\) 292.2 \(4.5\) 196.2 \(1.8\)
7xlO'-celitsmri
CeittrDl 33•7(Oe7) S6.3 \(O.9\) 287.3 \(35\) 190D \(2.0\)
GH 33•3(Oe7) 55.1 \(O.9\) 288e3 \(2e2\) 186.7 \(2eO\)
GABA 30:3(1.4)* 52.0 \(1.1\)** 284.7 \(4e2\) lgs.e \(3.3\)
ValuesaremeaRafid staRdarderror(inparenthesis) of6-8replicatesfemalesper treatment.
Level efsignificaRtdiffereitcewiththecentrel : *P<O.05,**P<O.Ol.
A
-





r Ro LifespaftRepreductive r Ro Lifespaxt Reproductive
\(,tagmri\) \(days\)period\(days\) \(days\) peried(days)
Parefit
o e.95(O.96) 22.8(21.1) 11.2(11.0)9.6(9.5) O.79(O.81) 195(253) 9.4(10.9) 75(7.9)
co
2.4 o.gs(o.ge) 15.4(15.9) 8.2(105)7.5(8.1)' o.so(e.7s) 20.7(23.3) 9.0(11.8) 7.4\(7.6
N 3.1 o.g6(o.ge) 19.6(17.4) 11.4(11.0)le.O(8.4) O.78(O.69)** 195(17.6) 9.9(9.1) 7.6(7.3)
Fi
o O.78(O.86) 23.4(23.1) 11.9(12.9)le.2(10.0) O.88(0.91) 25.0(25.8) X03(10.5) 7.9(75)
2.4 O.72(O.63)* 20.9(16.0) 13.1(11.9)11.6(10.8) O.77(O.75) 23.8(18.9) 12.9(9.8)* le.57.6\)**
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o O.O05 O,05 O,5 5 50
J" conc. \(ptg1mg\)
Fig.8. Percent mictic femaies\(meanand S;de\) amongoffspring of Be pticatilis
treated withjuvenile hormone\(JH\)atdifferent concentrations.













































Fig.9. Percent rnicticfemales\(meanand S•de) amongoffspring of B.plicatilis
treated withO.5uglmijuvenilehormone \(JH\)atdifferent food levels,
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Fooct COnC,\(celislml\)
Fig.SO, Percentmicticfernales (meanand $ed•) amongoffspring of B.plicati/is
treatedwith 5ug!mlserotonin \(5-MT\)at different food leveis.
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Fig.12. Chioma{ogramsof .ammo acidsin the standard solu\(ion \(A\)andlyophilized
sampIes ofthe rO{ifers Brachioitus plicatilis NH3Lstrain(B),B.plicatitis







































































Beta-alanine(P-Ala) 98.8 \(17.4\) 60.1 \(2.0\) 89.0 \(1,O\)
Taurine(Tau) 407.4 \(88.6\) 30S.9 \(21.9\) 317,2 \(12.6\)
Histidine(His) n.d. 59,O \(3,2\) n.d.
y-aminobutyricacid(GABA) 71.3 \(2.8\) 188,2 \(145\) 114,S \(4.6\)
CitruHine-ammonia(Cit-NH3) 25,6 \(1.8\) 190.6 \(39.2\) 132,3 \(3.6\)
Threonine(Thr) 88.0 \(24.2\) 616.2 \(44,5\) 511,3 \(5.1\)
Alanine(Ala) 273,8 \(72.4\) 3459,9 \(205.0\) 2284,3 \(19,2\)
Arginine(Arg) 497.6 \(115.7\) 683.S \(39.2\) 951.4 \(8.3\)
Proline(Pro) 142.0 \(22.2\) 512.5 \(42.7\) 612.6 \(115\)
1-methylhistidine+anserine(IM-His+Ans) n,d. 30.1 \(O,O1\) n.d,
3--methylhistidine(3M-His) n.d, 67.7 \(2.3\) n.d.
ct--aminobutyricacid(ct-ABA) n,d. 96.8 \(4.1\) 139.3 \(13.2\)
Tyrosine("Xryr) 151.3 \(31.4\) 252.1 \(16.8\) 724,7 \(4.9\)
Valine(Val) 84.8 \(18.2\) 500.2 \(34.9\) 588.2 \(4.8\)
Methionine(Met) 71.1 \(S.2\) n.d. 225.3 \(o\)
Cystine(Cys-cys) 36.7 \(1.3\) 112.S \(3.4\) 100.4 \(11.0\)
Isoleucine(Ile) 70.7 \(4.8\) 241.1 \(11:5\) 406.0 t(7,7)
Leucine(Leu) 113.4 \(28.6\) 93.1 \(3.4\) 338.4 \(6,4\)
Phenylalanine(Phe) 98.1 \(19.6\) 98.6 \(6.2\) 270.0 \(8,6\)
Trytophan+Ornithine(Trp+Orn) 69.7 \(16,O\) n,d. 72.7 \(o\)
Lysine(Lys) 172,1 \(36.7\) 74.6 \(4.6\) 139,8 \(13,1\)


























































































































































































Geifiitration ion exchange E-{PLC
kDa ctwomatography




.,'Zl•3:S,SDS-30••• k;.t'>\) ' tw '
PAGE mewit.$lt' .• l5,klX>2otttg.•Sk,i '
vltt
- k

























Fig.g5.SDS-PAGEaitdir[imuitoblot ef GH-like substanceextracted fromB. plicatilisbygelfiltration,iegeexÅíhangechromatography,
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III 220.7,Å}8.1a 213e3Å}4"Oa 22Se3Å}12)7.0a
IV 138.4Å}4.3a 103.0Å}3,4 b 133eOÅ}5.7a
v 140.7Å}8.1a 120eOÅ}[k.5e:' b [it36eO*7.6a
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th 67.7Å}11.4 a S2e3Å}2.3a
' .
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ua 1-63•O-th'mu"11e3 a IS&3Å}lo.2za
III 177.0Å}9.6a IS9.0Å}'7.6 b 168eOÅ}:7.2b
IV 219.0Å}10.9a 189.3Å}6.2 b 193e3th8.3b
v 143.7*2.9a 11S•7Å}6.4b 1i2So()rk1'7.4b
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III 14.1Å}4.0 12.3-.-.4.1 13.6Å}3.4
xv 19.2Å}3,ga IS,3Å}3.6b 14.6Å}3,7b
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